JPA-S59-21951 

Specification 

1. Title of the Invention Separation Type Heat Pump Type 
Air Conditioner 

2. What is claimed is: 

(1) A separation type heat pump type air conditioner capable 
of cooling and heating, with a plurality of indoor units 
thereof connected to an outdoor unit, wherein 

a gas- side electromagnetic valve that opens together 
with a heating operation of each indoor unit is attached 
to a gas-side branch pipe connected to the indoor unit; and 

a silencer is interposed between this electromagnetic 
valve and each indoor unit. 

(2) The separation type heat pump type air conditioner 
according to claim 1, wherein the silencer is interposed 
in the vicinity of the electromagnetic valve. 

3 . Detailed Description of the Invention 

(a) Field of the Invention 

The present invention relates to a separation type heat 
pump type air conditioner capable of cooling and heating, 
where a plurality of indoor units are connected to an outdoor 
unit . 

(b) Related Art 

Generally, the air conditioner of this type has the 
following problem at a time of a heating operation where 
a high-pressure gas refrigerant directly flows into a heat 
exchanger of an indoor unit. This problem is manifest in 
the following situation. During operation of one indoor 
unit at the time of the heating operation, the other unit 
is in a rest, low-pressure state where the refrigerant is 
recovered to a compressor, When an electromagnetic valve 
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of the other indoor unit is opened in order to operate the 
other indoor unit, the high-pressure gas refrigerant 
abruptly flows into the other indoor unit . Then, along with 
an extreme change in expansion pressure, a large sound of 
the refrigerant is produced. 

The following methods have been used to cope with this 
problem : 

® An on/off valve is provided in parallel with the gas-side 
electromagnetic valve . When a differential pressure before 
and after the gas- side electromagnetic valve assumes a 
certain value or more at the time of the heating operation, 
this on/off valve is opened. 

(2) After a liquid- side electromagnetic valve has been opened 
by a timer at a time of starting the heating operation, the 
gas-side electromagnetic valve is opened. 

(§) The high-pressure gas refrigerant is slightly and 
constantly flown into the indoor unit in the rest state as 
well at the time of the heating operation to avoid an abrupt 
change in expansion pressure. 

(c) Problems of Related Art 

Both of the methods listed in the items (D and (2) have 
the following disadvantage* It takes too much time (e.g. 
substantially five to ten minutes) until the differential 
pressure before and after the gas-side electromagnetic valve 
is reduced. The method listed in the item (3) has a 
disadvantage that heating capability is reduced because the 
high-pressure gas refrigerant constantly flows into the 
indoor unit in the rest state, and that oil which flows 
together with the refrigerant is accumulated in the indoor 
unit in the rest state. Moreover, the sound of the 
refrigerant is produced from the indoor unit in the rest 
state , 
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(d) Object of the Invention 

An object of the invention is to provide a separation 
type heat pump type air conditioner capable of quickly and 
quietly starting a heating operation of an indoor unit in 
a rest state. 

(e) Summary of the Invention 

A separation type heat pump type air conditioner capable 
of cooling and heating, with a plurality of indoor units 
thereof connected to an outdoor unit, wherein 

a gas-side electromagnetic valve that opens together 
with a heating operation of each indoor unit is attached 
to a gas-side branch pipe connected to the indoor unit; and 

a silencer is interposed between this electromagnetic 
valve andeach indoor unit . With this arrangement , expansion 
pressure that abruptly flows out from the gas-side 
electromagnetic valve of the indoor unit in the rest state 
is lessened by the silencer. The sound of a refrigerant 
is thereby muted. 

(f) Embodiment of the Invention 

An embodiment of the present invention will be described 
based on drawings. In a heat pump type refrigerant circuit 
diagram in Fig . 1, reference numeral (1) denotes a compressor 
included in an outdoor unit, reference numeral (2) denotes 
a four-way value for switching a flow path between cooling 
and heating, reference numerals (3a) and (3b) denote gas-side 
electromagnetic valves attached to gas-side branch pipes 

(4a) and (4b) , reference numerals (5a) and (5b) denote 
silencers that will be described later, reference numerals 

(6a) and (6b) denote indoor- side heat exchangers 
respectively included in indoor units (7a) and (7b), 
reference numerals (8a) and (8b) denote pressure-reducing 
elements for cooling such as capillary tubes, respectively 
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connected in parallel with auxiliary check valves for heating 
(9a) and (9b) , reference numerals (10a) and (10b) denote 
liquid-side electromagnetic valves respectively attached 
to liquid-side branch pipes (11a) and (lib), reference 
numeral (12) denotes a cooling electromagnetic valve, 
reference numerals (13a) and (13b) denote main check valves 
for heating, reference numeral (14) denotes a liquid receiver , 
reference numeral (15) denotes a pressure-reducing element 
for heating such as an expansion valve , connected in parallel 
with a cooling check valve (16) , reference numeral (17) 
denotes an outdoor- side heat exchanger, reference numeral 
(18) denotes a check valve for refrigerant recovery that 
guides a refrigerant inone of the indoor-side heat exchangers 
(6a) and (6b) during a rest state of a heating operation 
to a low-pressure side, and reference numeral (19) denotes 
a gas-liquid separator. 

As shown in Fig. 2, each of the silencers (5a) and (5b) 
is formed of a silencer pipe (21) and a cylindrical -type 
vessel (25) . One end (20) of the silencer pipe (21) is 
connected to a corresponding one of the gas-side 
electromagnetic valves (3a) and (3b) * One end (22) of the 
cylindrical vessel (25) is welded to the pipe, and the other 
end (23) is connected to a corresponding one of inter-unit 
tubes (24a) and (24b) . The silencer pipe (21) has a shape 
in which a tip opening (26) is narrowed down to approximately 
one third. A high-pressure gas refrigerant that has entered 
from the one end (20) at a time of a heating operation is 
thereby successively flown out into the vessel (25) through 
a lot of orifices drilled in the pipe (21) as well. That 
is, by narrowing down of the tip opening (26) to flow out 
the refrigerant through the orifices (27) , a resonant effect 
is achieved, thereby seeking to attenuate a specific 
frequency. Together with this resonance effect, an 
expansion effect is achieved to lessen an abrupt change in 
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expansion pressure caused by the high-pressure gas 
refrigerant. Reference numeral (28) denotes an oil return 
orifice, and reference numeral (29) denotes a sound 
absorption material that surrounds each of the silencers 

(5a) and (5b) for further increasing a silencing effect. 

Next, an operation of the circuit at times of heating 
and cooling operations will be described. At a time of the 
heating operation, the gas-side electromagnetic valve (3a) 
of the indoor unit (7a) that will be operated, for example, 
is opened, and the liquid-side electromagnetic valve (10b) 
of the indoor unit (7b) that is in the rest state is opened. 
Then, the refrigerant discharged from the compressor (1) 
is fed back to the compressor (1) through the four-way valve 

(2), gas-side electromagnetic valve (3a) , silencer pipe (21) 
of the silencer (5a), inter-unit tube (24a), indoor-side 
heat exchanger (6a), main check valve for heating (13a), 
liquid receiver (14) , pressure-reducing element for heating 

(15) , outdoor-side heat exchanger (17) , four-way valve (2) , 
and gas-liquid separator (19) . Concurrently, the 
refrigerant in the other indoor-side heat exchanger (6b) 
in the rest state is sucked and recovered into the 
outdoor-side heat exchanger (17) on the low-pressure side 
through the auxiliary check valve for heating (9b) , 
liquid-side electromagnetic valve (10b) , and check valve 
for refrigerant recovery (18) . Then, based on an appropriate 
refrigerant circulation amount , heating is performed by heat 
of refrigerant condensation by the indoor-side heat 
exchanger (6a) . 

Then, when the gas-side electromagnetic valve (3b) is 
opened and the liquid-side electromagnetic valve (10b) is 
closed so as to operate the indoor unit (7b) in the rest 
state for heating, the high-pressure gas refrigerant is 
branched and introduced into the indoor- side heat exchanger 

(6b) in the rest state as well through the gas-side 
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electromagnetic valve (3b), silencer pipe (21) of the 
silencer (5b) , and inter-unit tube (24b) in this statedorder . 
The high-pressure gas refrigerant is condensed and is then 
combined into the high-pressure gas refrigerant through the 
heating check valve (13b) to start concurrent operations 
of the indoor units (7a) and (7b) . 

When the operation of the indoor unit (7b) is started, 
this unit is in a low-pressure state as described above, 
where the refrigerant has been recovered during the rest 
state. The high-pressure refrigerant abruptly flows out 
from the gas-side electromagnetic valve (3b) simultaneously 
when the gas-side electromagnetic valve (3b) is opened. Due 
to the resonance effect and the expansion effect by the 
silencer (5b) , the sound of the refrigerant is muted. It 
was confirmed from a result of measurement that, especially 
when the silencer (5b) was provided in the vicinity of the 
gas-side electromagnetic valve (3b) , the silencing effect 
was the most excellent. 

Assume that the cooling electromagnetic valve (12) is 
opened, and the liquid-side electromagnetic valve (10a) and 
the gas-side electromagnetic valve (3a) on the side of the 
indoor unit (7a) that will be operated are opened at a time 
of a cooling operation. Then, the refrigerant discharged 
from the compressor (1) flows through the four-way valve 
(2) , outdoor-side heat exchanger (17) , check valve for 
cooling (16) , liquid receiver (14), cooling electromagnetic 
valve (12), liquid-side electromagnetic valve (10a), 
pressure-reducing element for cooling (8a) , and indoor- side 
heat exchanger (6a) in this stated order. The refrigerant 
is then cooled by heat of evaporation or vaporization at 
the indoor- side heat exchanger. The gas refrigerant in the 
low-pressure state that has been vaporized enters into the 
silencer pipe (21) of the silencer (5a) through the tip 
opening (26) and the orifices (27) , and is fed back to the 



6 



JPA-S59-21951 

compressor (1) through the gas-side electromagnetic valve 
(3a), four-way valve (2), and gas-liquid separator (19) in 
this stated order. When the other indoor unit (7b) is 
operated, the liquid-side electromagnetic valve (10b) and 
the gas-side electromagnetic valve (3b) should be opened. 
A single operation and the concurrent operations may be 
arbitrarily performed. 

When the low-pressure gas refrigerant passes through 
the narrowed tip opening (26) and the orifices (27) of the 
silencer pipe (21), a pressure loss may be generated. Thus, 
preferably, a silencer (21' ) as shown in Pig. 3 is employed. 
In the silencer (21' ) , an auxiliary pipe (31) including a 
check valve body (30) made of Teflon is joined to a tip of 
the silencer pipe (21) . 

In this silencer, when heating is performed, the 
high-pressure gas refrigerant presses the check valve body 

(30) against a valve seat (32) to seal the auxiliary pipe 

(31) . Then, the high-pressure gas refrigerant flows into 
the cylindrical-type vessel (25) through the orifices (27), 
thereby achieving the silencing effect. When cooling is 
performed, the low-pressure gas refrigerant presses the 
check valve body (30) against a stopper member (33) to open 
the auxiliary pipe (31) , Thus, the low-pressure gas 
refrigerant flows into the silence pipe (21' ) through 
orifices (27') and linearly flows into the silencer pipe 

(21' ) along the perimeter of the check valve body (30) . The 
pressure loss of the refrigerant at the time of cooling may 
be thereby minimized. 

(g) Effects of the Invention 

With a simple configuration where the silencers are 
respectively interposed on the gas-side branchpipes between 
the gas-side electromagnetic valves and the indoor units, 
production of the sound of the refrigerant at a time of staring 
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the heating operation of the unit in the rest state may be 
prevented^ The silencers may be readily 1 applied to the 
existent separation type heat pump type air conditioner to 
cope with the sound of the refrigerant. 

4, Brief Description of the Drawings 

Pig. 1 is a refrigerant circuit diagram of a separation 
type heat pump type air conditioner according to an embodiment 
of the present invention; 

Fig. 2 is a sectional view of a silencer that shows 
a main portion of the separation type heat pump type air 
conditioner according to a different embodiment of the 
present invention/ and 

Fig, 3 is a sectional view of a silencer that shows 
a main portion of the separation type heat pump type air 
conditioner according to a different, embodiment of the 
present invention. 

(3a) (3b) gas-side electromagnetic valve 

(4a) (4b) gas-side branch pipe 

(5a) (5b) silencer 
(7a) (7b) indoor unit 
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4 . fi b c © MTiiiSffit ft 6 a 3 *m^$ nr 1 ^ „ 

mmi) iitfcK, xy^Bifcdaawii ok 
eat 1 2m, mmi 3, t^/w^t/-* 1 4, $ 

JH*TO*KJ5rWU^f l 5, m (W*tf7ny) £1 30 
fclKgStfSBBgS&i: LT«fHt*3! 1 mm 17,1/ 

8S#2(h ft«-^J<13«2 1, gffiftffl^feo 
7*aAU-* 2 2jWdlWfcB|R*nTV>*. 
[0 0 2 0] ±ffif 1 2 13, ami 3©tttt5iJl 
3 aA>6SAieM2 0fcS£i;t?©Ig&fiffi&l 
2Afc*tlTV^. SlWaMm2 0^&StMll 3 

1 3 b & wmmmffi 1 2 b t * tixv s« 40 
Mists c K<fc t)«j*snT^«o ftfecoweii 3 

20a, 20b, 20c ttKSftT 

[0 0 2 1] Jliill 3ttxyj?^2 3t<fc^^;H> 2 
4£;/>bTlg»)£ft, «{*«»«*JEEttLT«JEEjftSi: 
tSfcOTfeSo xy^y2 3£Wf£fci6 
lc, »J<HHf 2 6%l*fexyj;y^*lsIIS2 5^ 

727, xy $>y 2 3 , m7K-m%zmm 2 50 



WP8- 1 4 70 4 

6 

2 u 9^X^-3 0, My 77 3 1 ^gBiastvcv 

[0 0 2 2] ±Ef 1 2<Dftgg 1 2 ACDJSJBI 

X1SS3 5, 3 6, 3 7*W5tlTV3 0 /Vttjl 
Sg3 5, 3 6, 3 7JOJ\ Plli#tbT©7W7#3 
2, 3 3, 3 4*^n j PtlKI8«tlT^S. 

32, 33, 3 AiMmmmtfznzftmzo t^r 

3 3, 3 4«Mt3t, J±«l 
1 3 -p£E«8«tlfeSfJEE«©^(*«^R*VW^XlK3 
5, 3 6, 3 7lC^fflEl^fc««&*tl5. i& 
ffifi^^/tt#tf3ffl©«6£*t>t>\ 

[0023] ^<om&z%t%xvi?>m&msi 

1 oof|»ffl*l8»Bt*. «flJ«OtWKi^TIV 

>yy 2 3 h 2 4 ^ltjh 
11 3««i$n5„ *t, i««2 oTftiWft 
ffl^^ts^S^e- FKov^TlttifitSc co^ttt 

^llUgS 1 1 ftKD^{iJ±ii1i 1 3 ©ttWiJ 1 3 a ^5 
ttW^tlTjftffiiftfiC^ft^St&D, ttSgl 2ACD 

jfiffi!(&»#*£9]A i^riftiKift*»5, ?-tT, t^;i/ 

^l^tlSo l?M$#l 5^Ei3bT^EPA2 

1 eJcfe^TttSfEEiffiaoasi**©^ cm« 1 o~ 

30 kg/cm 2 , 6 0-110° C) tt, ^M^ii* 
«Wt5ci:fc«kD«l8b}R{bt5. Mt^S«^EPA 
373^^^^, ®m^i 7, i^y-m 8, ^2 

2 0 2 0 a ~ 2 0 c fc^EP A 4 ^Ifijfc 

^njAt?o srt^i!»2otsn/c»«»\ s 
[0024] Mtgrtii^«ffif2 omrd&m&im 

(0IJx.{f 2-6 kg/cm 2 , 0° C) ttfc 
EPA 5m ^EPA6*lR]t?in, 5*ig 
T^EPA773lRj«tl, Mt^«-»J<iiS«2 1 
*ST^EPA8^|R)«n, Jgfc7*aAU-*22* 
ST^EPA9*|n]fi:^n, ifffiSl 3©®jiiJl 3 b'N 

[0 0 2 5] i^, IfibftftBt-H'ett, xyy>^ 
*|i7j<tt^t-^-jXy72 7 StttHStiTxyy'y 2 

3 Rtf^*P7j<-^^xi4^« 2 8 fciffitiTxy^y 

2 3 %m b/cll, H^^# 2 9 K X t) 9 ^x ^ - 3 
0, M<y773 l£ffinT&g^t-#-#y7'2 7'\ 



(5) 

7 

[0 0 2 6] ^tlrtl$«t§»2 ouwtffl^^t 

ffi^S©M*^ili&D, 1 3©ttWill 3 a 

1 5 #0 4 ©£EP K [CgtllMflfflgl 10 

s^epb &epb27? 

iBjKMtu Srt^«»2 0^?ij§ o ^lt^« 

t&s. ai-smst- F?iiSAmif2 o&m 

ggtLTiigU IS^tfbtl^o Sfc?&jKtl^B]B3 

# fa&tf&EP b 4 # ft^n, % 2 mm 1 9 , 
m 8 , ffu mm 1 7 £83 c fer\ 

- FT«g^3S» 1 6 mmt LximtZo m 

1 5 ^ST^-i^*P7K^« 2 1 £flj t) , 
7^aAW^2 2$gtffiiil 3<D»iJl 3b-\ 

[0 0 2 7] tOfll&lgBH:- FT'tt^S-WKiiS 

$882 immtZo bps, xy^yj^bKtt'?*-^ 

-$y7Z 7fr6tttH£ftTx;yi»2 3&tfi$*P7j<- 30 

2 8 mnxxypy 2 3 *}^p lt 

^«-?^J*^Sajij8}2 1 «ftT££PC 2# 

SS r >^-^-^^y2 7'\fcKS 0 CO 

[0 0 2 8] tCZXimbrcftW*:- mm- f 
X, WWt&MkZOts 2 0b, 2 0c©Sfe&i&tt 
2 0b, 20ct^t/caftX'l'7^tJ;§ o com 

mmm^xoxmmmm2o-\mxt 

/W'KftSZy 3 3, 3 4®HHttflR$R9OTbftVM| 

[0 0 2 9] <D/VM*#3 2, 3 3, 3 4*£TRI 
®.>WX#3 2 0^F ff 1 

®/W7U#3 3<0»M 50 



8 - 1 4 7 0 4 

8 

®/W/U#3 40»NI 
®/WX#3 2, 3 3 0*M 
©;U/U#3 2, 3 4 0*M 
®/WX#3 3, 3 4Q&M 
®/W/U#3 2, 3 3, 3 4*£T$ 

3 5, 3 6, 3 7^V/Ut5^1ttl|i|lPU Srt 
i^»2 0^t^A-r^^ltt^<=5:oT^ 

[0 0 3 0] 04£7*Lfc#fett, DfiifclfiDg&S^ 
^/U#3 2, 33, 3 40HMfWR:J:t) % 

iEfti©»«*srti!aa»jBS»2 0fc«ii&?ts. c© 
^Tt, mm.mmoK&^xuk-ztizftmtf 

[0031] tc6x\ B4k.m*vm-> 

$3 5, 3 6, 3 7 Wfo&ftE%M(0%#Wimtfi& 

$ 1 2 BofijBEiBau^K^atts^iKip^i-. 

*W"P*So ±fBL/c/W/UlK3 5, 3 6, 3 7 
l±«l 3T'ffi«$tl/cM*«^«*m§01?, 
lftffiffifitttl*efc<&. BPS, ;Vf^3 2«lT 
^Sfctfctt, 5©Hffi«fi©:SW«7^ 

iia^EPE l^tsKtu ft&wmximm'im 

EPE l^tC^tl, 6^W£8TffifflR!l0£i& 1 2B 
fcJKtlSo ^U#3 4^M«[LT^SiltK(i, 
•f 7 <Dft&MM<D%Wmmt%.® E 1 73lRl 

Kijgn, smmzmmnvm 1 2BK:sKns. 

[0 0 3 2] ^§^g|5W{C*3^TK, 0 1 K^-fl 

ffgl 2 B(D{gBElSS£Dd-fe, A-Y7U1ES3 5, 3 6CD 
«^P^Mffl-r^^«{C(ilR^W 7 0 1 
ajftt«BHI«tlTV^«. *LT/W/U5I»3 5, 3 

»»7JcSfc*«lfc«nTV*. lot, 

[0ffl©OT^ittB>i] 

[0 1 ] mmmommmmx^o 
[02] mmmmmx&Zo 

[03] Efgg©SS<D«BfjB0?a5S, 
[04] xy^y»^am©«fi!c0*^to 

6 0«SJ±fflK, 7ttHftW, 7 HilHf*, 13fiflE 



